Colobines are a unique group of Old World monkeys that principally eat leaves and seeds rather than fruits and insects. We report the sequencing at 146× coverage, de novo assembly and analyses of the genome of a male golden snub-nosed monkey (Rhinopithecus roxellana) and resequencing at 30× coverage of three related species (Rhinopithecus bieti, Rhinopithecus brelichi and Rhinopithecus strykeri). Comparative analyses showed that Asian colobines have an enhanced ability to derive energy from fatty acids and to degrade xenobiotics. We found evidence for functional evolution in the colobine RNASE1 gene, encoding a key secretory RNase that digests the high concentrations of bacterial RNA derived from symbiotic microflora. Demographic reconstructions indicated that the profile of ancient effective population sizes for R. roxellana more closely resembles that of giant panda rather than its congeners. These findings offer new insights into the dietary adaptations and evolutionary history of colobine primates.
Colobines are a unique group of Old World monkeys that principally eat leaves and seeds rather than fruits and insects. We report the sequencing at 146× coverage, de novo assembly and analyses of the genome of a male golden snub-nosed monkey (Rhinopithecus roxellana) and resequencing at 30× coverage of three related species (Rhinopithecus bieti, Rhinopithecus brelichi and Rhinopithecus strykeri). Comparative analyses showed that Asian colobines have an enhanced ability to derive energy from fatty acids and to degrade xenobiotics. We found evidence for functional evolution in the colobine RNASE1 gene, encoding a key secretory RNase that digests the high concentrations of bacterial RNA derived from symbiotic microflora. Demographic reconstructions indicated that the profile of ancient effective population sizes for R. roxellana more closely resembles that of giant panda rather than its congeners. These findings offer new insights into the dietary adaptations and evolutionary history of colobine primates.
Knowledge of the patterns and processes underlying the evolution of alternative dietary strategies in nonhuman primates is critical to understanding hominin evolution, nutritional ecology and applications in biomedicine 1 . Colobines, a group of Old World monkeys, serve as an important model organism for studying the evolution of the primate diet because of their adaptation to folivory: they primarily eat leaves and seeds rather than fruits and insects as their major food source. In their specialized and compartmentalized stomachs, colobines allow symbiotic bacteria in the foregut to ferment structural carbohydrates and then recover nutrients by digesting the bacteria 2 . This strategy is similar to that used by other foregut fermenters found in an evolutionarily distantly related group of mammals (for example, artiodactyls). Although a number of primate genomes have been sequenced thus far, high-quality genome sequence information is absent for Asian and African colobines, a key group for elucidating the evolution and adaptation of primates as a whole. Snub-nosed monkeys (Rhinopithecus species) are a group of endangered colobines, which were once widely distributed in Asia but are now limited to mountain forests in China and Vietnam 3 ( Supplementary Fig. 1 ).
The golden snub-nosed monkey (GSM, R. roxellana) is recognized as an iconic endangered species in China for its golden coat, blue facial coloration, snub nose and specialized life history. Among its congeners, the black-white snub-nosed monkey (R. bieti), endemic to the Tibetan plateau, has the highest altitudinal distribution (>4,000 m above sea level) of any nonhuman primate. Given the above features and the fact that Rhinopithecus species consume difficult-to-digest foods that contain tannins (for example, leaves and pine seeds), we expected to identify genetic adaptations that enhance the breakdown of toxins, improve the regulation of energy metabolism and facilitate the digestion of symbiotic microbacteria.
RESULTS

Genomic sequences and the accumulation of Alu sites
We sequenced the genome of a male GSM using a whole-genome shotgun strategy. Cleaned-up data provided 146-fold average coverage across 3.05 Gb of assembled sequence ( Supplementary Fig. 2 and Supplementary Tables 1 and 2), with N50 values of 25.5 kb and 1.55 Mb, respectively, for contigs and scaffolds in the final assembly Tables 8 and 9 ). Using these protein-coding genes, we generated a timescale for primate evolution (Fig. 1b and 
Supplementary Note).
Mobile elements comprised nearly half of the GSM genome ( Supplementary Fig. 9 and Supplementary Tables 10-13 ). There were roughly 3,054 and 3,311 unique insertions of long interspersed element 1 (LINE1; L1) in GSM and rhesus macaque, respectively, more than in human (2,365 new insertions) and chimpanzee (1,841 new insertions) ( Fig. 2a and Supplementary Table 14) . However, the numbers of lineage-specific SVA (SINE-R, VNTR and Alu-like) elements were generally lower in Old World monkeys (nearly 0 specific inserts) than in the Hominoidea (855 and 294 new inserts for human and chimpanzee, respectively). Alu elements (a family of primate-specific repeats) were more dynamic in Old World monkeys than in human and chimpanzee, with approximately 55,972 and 43,381 unique recent insertions in GSM and rhesus macaque, respectively (Fig. 2a) .
Along with shaping genome diversity, abundant independently inserted elements can also contribute to nonallelic homologous recombination events that result in copy number variation and disease 5 . Reconstruction of the ancestral genome of catarrhini using the inferCARs algorithm 6 identified 10 interchromosomal and 53 intrachromosomal breaks in the GSM lineage in comparison to 20 interchromosomal and 50 intrachromosomal breaks in rhesus macaque and 5 interchromosomal and 22 intrachromosomal breaks in human (Supplementary Fig. 10 ). Given that the scaffolds for the GSM assembly had not been assigned to chromosomes, the number of breaks estimated in GSM is expected to be an underestimate. To investigate the properties of these breakpoints, we explored 50-kb intervals centered on the ends of each conserved segment where the adjacent segments in the ancestor and target species differed. As in the mouse and human genomes 6 , the breakpoint regions in GSM were enriched for protein-coding genes (13.80 genes/Mb in breakpoint regions versus 7.64 genes/Mb in the whole genome), segmental duplication regions (12. 78 in breakpoint regions versus 1.43 in the whole genome) and especially for repeat elements (Supplementary Table 15 ), suggesting that the occurrence of chromosome breakage in mammalian genomes is not random.
We did not find significant differences in the number of events of gene family expansion (P = 0.18, Mann-Whitney U test) or contraction (P = 0.88, Mann-Whitney U test) in comparisons of the Old World monkeys and Hominoidea. The rate of processed pseudogene formation, which requires the same functional L1 machinery as Alu insertion 7 , was similar for the GSM (15.4 per million years) and human (15.1 per million years) genomes ( Supplementary  Fig. 11 and Supplementary Table 16 ). Overall, the enrichment of Alu repeats in Old World monkeys did not appear to lead to significantly more rearrangements and changes in gene family composition on a genome-wide scale.
Evolution of gene families and adaptation to leaf consumption
We analyzed the functional properties of the gene families that had undergone expansion in the GSM genome to identify potential evolutionary events that might be related to adaptations consistent with leaf consumption. The GSM genome showed substantial expansion of gene families that are mainly involved in xenobiotic biodegradation, including thiamine metabolism (P < 0.01), lysosome (P < 0.01) and drug metabolism-other enzymes (P < 0.05) (all Fisher's exact test) (Supplementary npg a r t i c l e s we found that the GSM-specific genes embedded in segmental duplication regions were significantly enriched for pathways related to drug metabolism-other enzymes (P < 1 × 10 −4 ), porphyrin and chlorophyll metabolism (P < 1 × 10 −4 ), lysosome (P < 0.01) and drug metabolism-cytochrome P450 (P < 0.01) (all Fisher's exact test) ( Supplementary Fig. 12 and Supplementary Tables 18-21 ). Genes enriched in the lysosome pathway encoded proteins belonging to the cysteine proteinase inhibitor superfamily (CST-3 to CST-7), which are abundant in salivary secretions 8 and have been demonstrated to interact with tannic acid in the saliva of primates 9 . Thus, the expansion of salivary protein-coding genes and xenobiotic biodegradation genes would enhance the ability of colobines to detoxify secondary compounds present in leaves.
We identified 105 positively selected genes (PSGs) in the GSM lineage using the branch-site likelihood ratio test (Supplementary  Table 22 ) 10 , including ones enriched for fatty acid pathways (P = 0.004, Fisher's exact test), which were mainly associated with the elongation and biosynthesis of fatty acids ( Fig. 2b and Supplementary Table 23) , as well as corresponding upstream and downstream pathways, i.e., signaling pathways for insulin (P = 0.01), adipocytokine (P = 0.01), and valine, leucine and isoleucine degradation (P = 0.005) (all Fisher's exact test) ( Fig. 2b and Supplementary Table 23 ). Additionally, Gene Ontology (GO) terms related to fatty acids were also found to be over-represented by PSGs, including propanoate metabolism (P = 0.01), pyruvate metabolism (P = 0.04) and lipid binding (P = 0.03) (all Fisher's exact test) (Supplementary Table 24 ). These observations
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Glyceraldehyde-3P Glycerone-P npg a r t i c l e s are consistent with a need to cope with the energy-rich, shortchain volatile fatty acids that are the main energy source of foregut fermenters (including GSM), produced during the process of degradation of plant cell wall components (celluloses and hemicelluloses) 11 . The foods most commonly eaten by GSM (such as Usnea diffracta Vain., leaves from Rosaceae and tree bark) are high-fiber, low-energy nutritional sources, and it therefore seems reasonable to hypothesize that leaf-eating monkeys living in high-altitude forests should employ enhanced energy metabolism to efficiently absorb and exploit scarce nutrients. For example, ACADM and HADNB encode the enzymes involved in catalyzing the initial and final reactions in the β-oxidation of fatty acids 12, 13 . ALDH3A2, a typical fatty aldehyde dehydrogenase, catalyzes oxidation of the long-chain aldehydes produced by lipid metabolism. An absence of ALDH3A2 function contributes to Sjogren-Larsson syndrome, which typically involves ichthyosis, spastic diplegia and severe learning difficulties in humans 14 . Adaptive changes in the β-oxidation of fatty acids and lipid metabolism are expected to yield sufficient increases in the amount of ATP to guarantee that foregut fermenters have the required energy.
We identified 2,290 genes with significantly elevated rates of nonsynonymous substitution in both the GSM and cattle genomes (Supplementary Tables 26 and 27) were identified as REPs. We identified potential target specificities for these 33 rapidly evolving olfactory receptors in GSM and cattle by comparing the amino acid sequences to those of receptors in human and mice with previously described information on odor perception. We found that 23 of 33 (69.7%) rapidly evolving olfactory receptors had been suggested to function in the perception of fruity, lemony and floral/woody odors (Fig. 2c, Supplementary Figs. 13 and 14, and Supplementary Table 27), consistent with plant-based odor perception.
It is well documented that there is a higher proportion of olfactory receptor pseudogenes in hominoids and Old World monkeys (the vision priority hypothesis) because their complete trichromatic color vision system is hypothesized to negate the need for high olfactory sensitivity 15 . We found that more than half of the olfactory receptor genes in GSM were pseudogenes or gene fragments (360 of 583; 61.7%) (Supplementary Figs. 15-19 and Supplementary Table 28) , a proportion that is higher than for other primates and mammals 16 . The reduction in the olfactory system for GSM might have coincided with the recession of the external nostril in this species, as olfactory receptors are known to be expressed on the cilia of olfactory sensory neurons of the neuroepithelium in the nasal cavity.
New insight into the functional evolution of RNASE1 Convergent evolution of pancreatic RNase (encoded by RNASE1) in the colobines and ruminants is thought to be a response to the necessity for digesting high concentrations of bacterial RNA derived from the symbiotic microflora in the stomach required to recover nutrients 17 17, 18 . We assembled the two copies of the GSM pancreatic RNase gene in one scaffold and found the duplication segment containing RNASE1 to be approximately 34 kb in length (Fig. 3a) , forming a tandem array with the original copy. We successfully amplified the border regions of the duplicates in eight colobine genera (Rhinopithecus, Pygathrix, Nasalis, Semnopithecus, Trachypithecus, Presbytis, Colobus and Piliocolobus), but these regions were not present in human and rhesus macaque ( Supplementary Fig. 20 and Supplementary Table 29 ), suggesting that all colobine duplicates are derived from a single event in the ancestor of extant colobines. Phylogenetic trees reconstructed using both the coding sequences (468 bp) and flanking noncoding sequences (1,575 bp) from these genera showed no signs of gene conversion in noncoding regions (Supplementary Table 30 ). Thus, most signals of gene conversion within coding regions are likely to have undergone an adaptive sweep, as the homogenization of the coding region would potentially be harmful in functional divergence 19 ( Supplementary  Figs. 21 and 22) . In addition to RNASE1 and its duplications, we found an 810-bp processed pseudogene on a different scaffold. This pseudogene existed in all Asian colobine genomes but was absent from the African colobine genomes, suggesting that the retrotransposition event occurred after the African-Asian colobine split but before the divergence of the extant Asian genera (Fig. 3b) . We expressed recombinant RNASE1 and RNASE1B proteins from R. roxellana, Presbytis melalophos and Trachypithecus francoisi to examine their ribonucleolytic activities at different pH levels. We found the same optimal pH at 7.4 for the RNASE1 proteins but an optimal pH ranging from 6.4 to 6.6 for the RNASE1B proteins from all three genera, suggesting that a lower optimal pH for RNASE1B is universal in colobines. Seven parallel amino acid changes (p.Arg4Gln, p.Lys6Glu, p.Arg39Trp, p.Pro42Ser, p.Arg78Lys, p.Arg98Gln and p.Ala122Asp) are suggested to have caused a decrease in the optimal pH for RNASE1B 18, 20 ; however, in our study with a larger sampling of genera, these loci were no longer conserved in the RNASE1 and RNASE1B proteins, indicating that none of these amino acids are required for reduction in the optimal pH level. We found a radical replacement at residue 39 of RNASE1B in all colobines, from a basic to a non-basic amino acid in comparison to the conserved basic amino acid (arginine) at this position in the RNASE1 proteins of all colobines and other primates. We reconstructed the Asian colobine ancestral RNASE1B gene (ANB) and expressed it in Escherichia coli. The optimal pH of the encoded ancestral protein was 7.0, falling between the values for the RNASE1 and RNASE1B proteins. We also mutated the ancestral gene to encode a neutral rather than basic amino acid (Arg39Trp) and determined that the optimal pH for this enzyme was 6.4, within the pH range (6.3-6.6) of the RNSAE1B proteins from Asian colobines (Fig. 3c) . These results suggested that residue 39 is key in decreasing the optimal pH from 7.0 to 6.4. Furthermore, substitution at this site appears to have taken place in parallel on at least three occasions, once in the African (p.Arg39Trp) and twice in Asian (p.Arg39Trp and p.Arg39Gln) colobine clades. We also measured the expression level of each copy across five GSM tissues (pancreas, liver, spleen, kidney and muscle) and only found a noticeable difference in the expression of the two copies in the pancreas, where RNASE1B exhibited ~80-fold upregulation in comparison to RNASE1 (Fig. 3d) . These results imply that the two genes might be under the control of different regulatory regions and have different requirements for expression.
Stomach metagenomics and cellulose metabolism
To investigate the genetic bases of digestion of cellulose and hemicellulose, we examined the microbial communities of the GSM stomach using bacterial 16S rRNA next-generation sequencing. A total of 64,406 reads were clustered at 97% sequence similarity, representing 4,636 operational taxonomic units (Supplementary Table 31 ), indicating that the GSM microbiota are similar to those in human gastric fluid 21 , being dominated by Firmicutes (38.7%), Proteobacteria (28.9%) and Bacteroidetes (28.8%) but with more Proteobacteria (28.9% in GSMs versus 6.9% in human) and fewer Actinobacteria (1.1% in GSMs versus 10.7% in human) (Fig. 4) . At the genus level, the GSM microbiota were similar to those from cattle rather than humans and were associated with fermentation ( Supplementary  Fig. 23, Supplementary Table 32 and Supplementary Note).
A de novo assembly of 10 Gb of RNA sequencing (RNA-seq) data from the GSM stomach generated a set of ~88 Mb of contigs and 121,458 ORFs. The predicted ORFs were enriched in the metabolism of carbohydrates, amino acids, nucleotides, glycans and vitamins and especially in the metabolism of fatty acids ( Supplementary Fig. 24 and Supplementary Table 33 ). This enrichment was further evidenced by the functional analysis of our data with metabolic terms focused mainly on energy production and conversion ( Supplementary  Fig. 25 ). We also identified many genes involved in the cellulose digestion pathway, including 27 cellulose genes, 17 1,4-β-cellobiosidase genes and 179 β-glucosidase genes. Glycoside hydrolase genes were also identified, and over 929 genes and modules were recovered from 47 different CAZy families (carbohydrate active enzymes). Although there were not significant differences in the abundance of debranching enzymes in comparisons of the GSM, giant panda 22 , tammar 23 and termite 24 hindguts, there were considerably more GH78 sequences in GSM. As in giant panda, the abundance of cellulases and endohemicellulases in GSM was generally lower than in human, cattle and termite (Supplementary Table 34 ).
Genomic variation and demographic history
Five species of snub-nosed monkeys are currently recognized in the genus Rhinopithecus, with three of them (R. roxellana, R. brelichi and R. bieti) endemic to China. The phylogenetic relationships within this group are controversial 25 , so we used short-read sequencing to address this question from a genome-wide perspective, carrying out wholegenome sequencing of the black-white (R. bieti), gray (R. brelichi) and Myanmar (R. strykeri) snub-nosed monkeys with approximately 30-fold coverage for each individual (~282 Gb in total) ( Supplementary  Fig. 26 and Supplementary Tables 35-38 ). Using these reads, we identified 16.5 million putative variants among the 4 species. The rates at which heterozygous variants occurred indicated that the level of genetic diversity among the species of snub-nosed monkeys was much lower than for all other reported nonhuman primates (0.02-0.07% in comparison to 0.08-0.24%) 26, 27 , with R. brelichi showing the highest value (0.07%), which approaches the human value (0.066%). The proportions of autosomal regions of homozygosity (ROHs) also supported the differences in heterozygous SNPs among snub-nosed monkeys ( Fig. 5a and Supplementary Table 39 ). The heterozygosity in R. roxellana was higher than in R. bieti and R. strykeri, coinciding with its wider distribution and largest contemporary population size among the five snub-nosed monkey species 28 . However, the higher heterozygosity of R. brelichi is in contrast to its low population size (fewer than 800 individuals 29 ) in comparison to other snub-nosed monkeys in the same genus.
To identify functional changes in the Rhinopithecus genome, we screened the mutations in orthologs across the four Rhinopithecus assemblies and compared the resulting changes to the human genome. A total of 1,010 Rhinopithecus amino acid alterations encoded in 824 genes were predicted to cause functional changes when analyzed in the context of their human counterparts (Supplementary Table 40) . In 51 Rhinopithecus proteins, the observed amino acid variants were found to be disease causing or associated with disease according to the Human Gene Mutation Database (Supplementary Table 41) . None of these variants were found at positions that are completely conserved in vertebrates, consistent with neutral theory expectations 30 .
Comparing orthologs between rhesus macaque and the snub-nosed monkeys, we reconstructed a maximum-likelihood phylogeny supporting the hypothesis of a separation between the northern species (R. roxellana and R. brelichi) and the 'Himalayan' species (R. bieti and R. strykeri) 25 with 100% bootstrap support values (Fig. 5a) . Molecular dating estimated that the split of the northern species occurred about 1.60 million years ago, immediately after the initiation of divergence among the four snub-nosed monkeys (1.69 million years ago). These times coincide with the uplift of the Tibetan plateau-Yuanmu movement (~1.6 million years ago)-which helped to create the higher mountains of the Himalayas 31 and might have resulted in the split of the northern and Himalayan species as well as the subsequent separation of R. roxellana and R. brelichi. Divergence within the Himalayan species appears to have begun about 0.3 million years ago, more recently than previously estimated 25 . The short branches of these lineages in the tree also imply that incomplete lineage sorting (ILS; cases where the gene tree was different from the species tree) and/or introgression have occurred within this clade. Using the coalescent hidden Markov model (CoalHMM) 32, 33 , we quantified the amount of ILS as ~5.8% of the genomes in the snub-nosed monkeys on the basis of all SNPs (regions where R. roxellana and R. brelichi were more closely related to R. bieti than to R. strykeri), a ratio less than that (~30%) found in the genomes of great apes (human, chimpanzee and gorilla) 27 . CoalHMM was also employed to date the speciation events within this lineage, and the results supported a relatively recent isolation of snub-nosed monkeys: 0.15 ± 0.10 million years ago for the Himalayan species and 0.62 ± 0.17 million years ago for the northern species.
It is noteworthy that there were two distinct peaks in the distribution of speciation times for the Himalayan species, one close to the inferred genomic divergence time (0.3 million years ago) and the other within the speciation time (Supplementary Fig. 27 ), which coincided with the penultimate glaciation (0.13-0.3 million years ago) 31 . The relatively cold climate in this glaciation could potentially have caused isolation of R. bieti and R. strykeri. Historical fluctuations in effective population size (N e ) for the four snub-nosed monkeys were reconstructed with the help of the pairwise sequential Markovian coalescent (PSMC) model 34 , and two bottlenecks and two expansions were identified for R. roxellana ( Fig. 5b and Supplementary Fig. 28) . A similar pattern of historical trends has been found for giant panda 35 (Spearman's r = 0.83, P < 0.01) (Fig. 5c) , which is sympatric with R. roxellana. These concordant patterns suggest that mammals sharing the same habitant might feature a similar demographic history. The first major change in N e was inferred to have occurred between 0.1 and ~2 million years ago with a peak at ~1 million years ago, npg a r t i c l e s close to the switch of the dominant wavelength for climate cycles from 41,000 to 100,000 years 36 . Population bottlenecks of N e at this time have been identified in other mammals, such as giant panda 35 , brown bear 37 and some great apes 26 , suggesting that global glaciations and severely cold climates at the Early-Middle Pleistocene boundary 38 had substantial evolutionary impact on the population sizes of several large mammals. After the first bottleneck, the N e for R. roxellana recovered and peaked at ~0.07 million years ago (Fig. 5b) . This recovery for R. roxellana was slightly different from that for giant panda, which was inferred to have occurred around 30,000-40,000 years ago. Although the precise extent of this disparity needs further validation, it offers a preliminary surmise that the relatively cold and dry climate of MIS (marine isotope stage) 4 (58,000-74,000 years ago), as indexed by the mass accumulation rate (MAR) of Chinese loess 39 , did not affect the effective population size of R. roxellana but did have a strong negative effect on giant panda. One potential explanation for the disparity is that giant panda evolved a highly specialized diet (bamboo) and recovered at relatively warm temperatures with expansion of alpine conifer forests 35 , whereas R. roxellana evolved a set of physiological traits that enabled it to tolerate a broader-based diet composed of difficult-to-digest foods, such as leaves, bark, lichen and seeds, as well as the ability to survive in high-altitude forests under conditions of hypoxia. It is also worth noting that the speleothem record of stalagmites in the mountain-surrounded Sichuan Basin of southwest China suggests the absence of a glacial maximum during MIS4 in this area 40 . Thus, more attention should be paid to the disparity between local and global climatic conditions in shaping the evolutionary history and biogeography of species in this region of Asia. A sharp decline in N e for R. roxellana coincided with the extreme cooling climate during the last glaciation, and a similar decrease in N e has been identified at this time in several other mammals 26, 35, 37 .
Historical trends of N e for R. bieti, R. strykeri and R. brelichi showed a very different pattern from that of R. roxellana. A continuing decrease in N e after divergence was found in these three species. This result may best be explained by habitat fragmentation and/or founder effects influencing population size. There was evidence, however, of an expansion in Ne for R. brelichi at the end of the last glaciation (~8,500 years ago), which might have contributed to its unexpectedly high heterozygosity. Although the precise factors resulting in high heterozygosity in R. brelichi remain unclear, considering the slow reproductive rate of this species (one litter in 2 years) and the slow absolute nucleotide mutation rate, we surmise that this expansion might have been caused by introgression events, possibly through hybridization with other snub-nosed monkey species or their relatives. More extensive sampling and sequencing of species will afford better resolution of this hypothesis.
DISCUSSION
A comparison of the genome of GSM with the genome of other primates and ruminants has resulted in new phylogenetic and functional insights into primate evolution and genetic adaptations associated with leaf-eating and the consumption of difficult-todigest resources high in cellulose and hemicellulose. Our analyses have identified the symbiotic microbiota present in the stomach of snub-nosed monkeys, which comprise species capable of metabolizing cellulose. Furthermore, sequencing of the whole genomes of other snub-nosed monkeys enabled a more precise reconstruction of species-specific demographic histories. Although refinement of some of our proposed evolutionary scenarios may require data from functional assays and genomic sequences for Rhinopithecus avunculus (the critically endangered Tonkin snub-nosed monkey that is endemic to Vietnam), such evidence and data are currently unavailable. Nevertheless, the phylogenetic status, evolution of gene families, stomach metagenomics and climate-shaped demographic histories presented here provide a key database and framework for understanding the evolution and functional adaptive patterns of colobines and for developing a program of conservation to promote the survival of these endangered species. 
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Accession codes. The GSM (Rhinopithecus roxellana) whole-genome shotgun project has been deposited at the DNA Data Bank of Japan (DDBJ), the European Molecular Biology Laboratory (EMBL) and GenBank under the accession JABR00000000. The version described in this paper is the first version, JABR01000000. The BioProject accession number for the snub-nosed monkey genome sequence is PRJNA230020. Assembly-based SNPs and SNPs derived from shortread sequence data have been deposited in dbSNP. All short-read data have been deposited in the Sequence Read Archive (SRP033389). Snub-nosed monkey RNA-seq data have been deposited in the Gene Expression Omnibus under accession GSE53597. which can be found using Bioinformatics Analysis and Research Nexus (BARN) software (see URLs). Mutations were also annotated with their disease status on the basis of HGMD (see URLs), where applicable. The recently developed CoalHMM 32, 33 , which assigns the presence of different genealogies along large multiple alignments, was used to estimate regions of ILS in the genome of snub-nosed monkeys. Inferred historical population sizes were obtained using a PSMC model 34 . The parameters of PSMC were set to -N30 -t15 -r5 -p "4+25*2+4+6". The estimated time to the most recent common ancestor (TMRCA) was in units of 2N 0 (the estimated effective population size) time, and the mean generation time was set at 10 years for GSM. The parameter µ (substitution rate in nucleotides per year) was estimated under the local clock models, using baseml within the PAML pacakges 10 .
